ABSTRACT. From November 2000 to July 2002, 112 fecal samples from pet reptiles, including 18 turtles, 71 lizards and 23 snakes, sold at a pet shop were examined for the prevalence of Salmonella spp. in Japan. Salmonella spp. were isolated from 83 (74.1%) of 112 samples, and a total of 112 Salmonella isolates were identified as subspecies I to IV. The majority of isolates (62.5%) belonged to subspecies I and 54 isolates could be identified as any of 28 serovars. The predominant serovars were found to be S. Bardo, S. Newport and S. Panama, which cause human salmonellosis. These results indicate that pet reptiles may be a potential infectious source of human salmonellosis in Japan.
Salmonellosis is known to be one of the most important cause of public health problems worldwide. In Japan, more than 460 cases of human salmonellosis occurred in 2002, and most of them resulted from consumption of foods of animal-origin contaminated with Salmonella [14] . Wild and pet reptiles are generally known to be asymptomatic carriers of several Salmonella serotypes, which are potentially pathogenic for humans. Recently, the number of exotic reptiles has been increasing in popularity as pets and the fact has led to an increase in the number of reptile-associated Salmonella infections in the United States [4] [5] [6] 18] and European countries [2, [7] [8] [9] . Majority of the patients infected with Salmonella spp. from reptiles are infants, and usually show gastroenteritis, less frequently, fatal meningitis or septicemia [5, 7, 8] . Recently, many reptiles have also been kept as pets in Japan as well as in other developed countries and it is possible that these animals can be a source of human salmonellosis. However, little is known about the prevalence of Salmonella spp. in reptiles except for aquarium turtle in Japan [13, 19] . This study was designed to investigate the presence of Salmonella in pet reptiles, sold and kept in Japan.
During the period from November 2000 through July 2002, a total of 112 fecal samples of 50 reptile species consisting of 12 families were collected (Table 1 ). All reptiles except green iguanas were sold as pets in a pet shop located in Kanagawa Prefecture, and green iguanas were kept at Yamanouchi Iguana Laboratory. Reptiles sold in the shop had been kept in individual cages immediately after they were introduced into the shop. Fecal samples were put into Carry-Blair transport medium (Eiken Chemical Co., Ltd., Tokyo, Japan), and immediately transported to the laboratory in an icebox. The fecal samples were suspended in 3 ml of sterile saline, and 1 ml of the suspension was inoculated into 10 ml of buffered peptone water (BPW, OXOID Ltd., Basingstoke, Hampshire, England). After incubation at 37°C for 24 hr, 1 ml of BPW culture was transferred to 10 ml of Hajna-tetrathionate broth (Eiken). The broth was incubated at 37°C for 24 hr, then one loopful of each tube was inoculated onto a plate of brilliant green agar (BGN, OXOID) supplemented with 20 µg novobiocin/ml, desoxycholate hydrogen sulfide lactose agar (DHL, Nissui Pharmaceutical Co., Ltd., Tokyo) and mannitol lysine crystal violet brilliant green agar (MLCB, Nissui). These plates were incubated at 37°C for 24 hr and three suspicious colonies morphologically similar to Salmonella spp. from each plate were subcultured for biochemical examinations. Biochemical characteristics were examined on triple sugar iron medium (Nissui), lysine indole motility medium (Nissui) and Voges-Proskauer semisolid medium (Eiken). The subspecies of Salmonella isolates was confirmed by biochemical examinations according to Holt et al. [12] . Serotyping of Salmonella isolates was accomplished with commercial O and H antisera (Denka Seiken Co., Ltd., Tokyo) according to the method of Popoff and Le Minor [16] .
Salmonella spp. were isolated from 83 (74.1%) of 112 fecal samples of reptiles (Table 1) . Salmonella spp. were isolated from 23 (100%) of 23 snakes, 13 (72.2%) of 18 turtles, and 47 (66.1%) of 71 lizards. The isolation rate from snakes was the highest of all. This high proportion of Salmonella infection in captive reptiles, especially snakes, is similar to the results of several previous studies [10, 15, 18] . Geue et al. [10] examined the prevalence of Salmonella in pet reptiles in Germany and Austria, and reported that Sal- [13] showed that Salmonella spp. were isolated from five (22.7%) of 22 pet reptiles kept at shops and household. The rate of isolation of Salmonella in reptiles in the present study is very high, and it may suggest that reptiles that are sold at pet shops in Japan can be a potential source of human salmonellosis. It is unclear whether these reptiles acquired Salmonella in nature, or during their captivity by ingestion of contaminated prey, or by contact with contaminated feces of other reptiles. In the present study, since we focused our attention on the prevalence and distribution of Salmonella subspecies and serovars in reptiles, different infection rates among groups divided by origin of reptiles (ex. wild or breeding, domestic or foreign) or diet patterns (ex. meat or vegetable, mouse or insect) were not identified clearly. A total of 112 Salmonella isolates were obtained from 83 Salmonella positive-samples. These isolates were identified as subspecies I to IV (Table 2 ). Of 112 Salmonella isolates, 70(62.5%) belonged to subspecies I, 19(17.0%) to IIIb, 12(10.7%) to II, nine(8.0%) to IV, and two(1.8%) to IIIa. Subspecies I are usually isolated from humans and warmblooded animals, and serovars belonging to this group are designated with the name related to the geographical place where the serovar was first isolated. Subspecies II, IIIa, IIIb, IV are usually isolated from cold-blooded animals and the environment. The high prevalence of subspecies I in pet reptiles in the present study is in accordance with the results of other studies concerning captive reptiles [10, 13, 15, 19] . Geue et al. [10] reported that about 45 % of Salmonella isolates originated from pet reptiles belonged to subspecies I, and 30% to IIIb, 6% to IIIa, 3% to II and 2% to IV. It has been recognized that human salmonellosis is caused mainly by subspecies I and our result may indicate that Salmonella carried by pet reptiles can potentially affect humans. It has been reported that Salmonella subspecies II, IIIa, IIIb, and IV are usually isolated from reptiles and rarely from humans or domestic animals [17, 20] and that both pet and wild snakes are the main reservoir of subspecies IIIb [10, 11, 17, 18, 20] . Sakazaki [17] reported that about 99% of Salmonella isolates from humans or domestic animals belong to subspecies I, while 49% of isolates from turtles and 64% from snakes belong to IIIb. In the present study, the majority of Salmonella isolates from turtles (80%) and lizards (65%) belonged to subspecies I, but 40% of isolates from snakes belonged to subspecies IIIb and 48% to I ( Table 2 ). The reason of this different distribution of Salmonella subspecies in reptiles is still unclear.
Of the 112 Salmonella isolates, 54 could be identified as 28 serovars. The remaining 58 isolates were untypable with commercial antisera. The most frequently isolated serovars were S. Bardo (n=5), S. Newport (n=5), S. Panama (n=5), S. Amsterdam (n=4), and S. Minnesota (n=4). These serovars were isolated from more than two reptile species. The majority of the serovars found in the present study have also been reported in other studies of wild or captive reptiles [10, 21] . The serovars associated with human gastroenteritis in Japan, such as S. Enteritidis, S. Newport and S. Bareilly, were also identified [14] . The Centers for Disease Control and Prevention (CDC) [1] defined some serovars such as S. Hvittingfoss and S. Kisarawe, as "reptile-associated" serovars. Of 83 positive samples, 59 samples yielded only one serovar or subspecies, 16 yielded two, seven yielded three, and one sample yielded four different serovars or subspecies. Some researchers also reported that different plural Salmonella serovars or subspecies were sometimes isolated from reptile [10, 15] . These facts suggest that the distribution of Salmonella in reptiles may reflect their living environments.
Iguana has been reported as an important source of infection in many cases of human salmonellosis and most of Salmonella isolates from iguanas belong to subspecies IV [1, [3] [4] [5] [6] 21] . In the present study, 25.0% (3/12) of iguanas harbored Salmonella (Table 1) . One year after the first investigation, the prevalence of Salmonella was examined again in same iguanas in order to investigate the persistence of the pathogen. Three of 10 iguanas (except for two dead ones) still harbored Salmonella spp. in their intestines. Salmonella isolates obtained during the two investigations belonged to subspecies IV, and were indistinguishable by pulsed-field gel electrophoresis (data not shown). Our results indicate that iguana may carry Salmonella for a long period of time and serve as a potential source of human salmonellosis.
In the present study, all reptiles examined were kept in individual cages, and each cage was washed and disinfected well after use. Therefore, a wide variety of serovars in reptiles may not be attributable to cross contamination of Salmonella in the shop investigated in the present study. It is possible that reptiles were infected by Salmonella before they were carried into the shop. A high isolation rate of Salmonella in reptiles occurred at quarantine in a zoo [19] and the fact may support our results. The high isolation rate of Salmonella in pet reptiles and identification of major serovars of the isolates in the present study indicate a potential human risk of Salmonella infection from pet reptiles in Japan as well. However, there is no restriction of import or sale of reptiles in Japan and many reptiles are traded freely now. In the future, it may be necessary to regulate the trade of pet reptiles in Japan. Since only one pet shop specializing in reptiles could be surveyed in the present study, further extensive investigations should be done to clarify the prevalence and serovars of Salmonella in pet reptiles in Japan. 
